A
NEMIA IS A COMMON COMplication of chronic kidney disease and end-stage renal disease (ESRD).
1 , 2 The introduction of recombinant human erythropoietin (rHuEPO; EPOGEN [epoetin alfa]) in 1989 significantly improved the clinical management of anemia of ESRD. 3 By 2005, 99% of in-center hemodialysis patients received epoetin treatment for their anemia. 4 Epoetin dosing has changed dramatically in the past decade and a half; between 1991 and 2005, the mean dose of epoetin increased about 4-fold in dialysis patients. 5 Today, epoetin therapy is the largest single Medicare drug expenditure totaling $1.8 billion in 2004 (an increase of 17% from 2003) and epoetin comprised 11% of all Medicare ESRD costs. 4 Since the introduction of epoetin, the dialysis industry has experienced dramatic changes. For example, the number of facilities affiliated with dialysis chains in the United States has increased from fewer than 500 in 1993 to 2951 in 2004, and these facilities serve 3 of 4 dialysis patients. The growth of the number of facilities affiliated with chains has occurred mainly in the for-profit arena and has occurred in all regions of the country. The rapid growth of forprofit freestanding facility ownership and consolidation of large chain facilities has raised concerns about the quality of care delivered to ESRD patients. [6] [7] [8] [9] Compared with chain-affiliated units, those that are independently owned and/or hospital-based have a greater proportion of patients receiving peritoneal dialysis, more patients receiving transplants, lower ratios of patients to staff, and higher average costs per dialysis session. 10 A study of epoetin treatment conducted in 1990, when Medicare reimbursement policy capitated payment for epoetin and smaller doses resulted in greater profit margins, found that forprofit facilities administered smaller doses of epoetin compared with nonprofit facilities. 11 Since 1991, epoetin payment has been based on the amount of drug administered, creating a financial incentive for increased use of this therapy. 12, 13 In this analysis, we examine the relationship between organizational status and epoetin dosing.
METHODS

Data Source
The use of Medicare claims data to study practice variation is well established. 14 The US Renal Data System (USRDS) is a national system that includes demographic and clinical data on patients with ESRD and on institutional dialysis providers. Medicare covers 93% of US dialysis patients and the USRDS Medicare claims database includes data on monthly hematocrit levels and epoetin doses for these patients. The Researcher's Guide to the USRDS Database describes the variables, data source, collection methods, and validation studies, which is available on the USRDS Web site at http: //www.usrds.org. We used the USRDS standard analytic files as of December 2004, which is the most recent available data for researchers (as of February 2007). Institutional claims including treatment information were used as the primary data set, and merged with variables from patient, medical evidence, and facility files from the USRDS core CD based on unique patient identifiers. The study was approved by the Essex Institutional Review Board (Lebanon, NJ) as part of a larger epoetin research study using administrative data.
Patient Selection and Variable Construction
Adult Medicare-eligible ESRD patients receiving in-center hemodialysis in November and December 2004 were eligible for inclusion in the study. All patients were required to have had a claim containing a valid hematocrit level (between 15%-60%) in November 2004 and an epoetin dose level (including zero) in December 2004. We identified 198 815 prevalent hemodialysis patients in December 2004 who had a hematocrit level in November 2004. The cascade of patients selected using the study selection criteria is depicted in FIGURE 1.
The primary end point for the study was the average weekly epoetin dose that each individual patient received in December 2004. Based on the distribution of epoetin doses in the study population, patient records containing epoetin dose outliers (cutoffs were based on 0.25th and 99.75th percentiles) were removed to avoid potential data anomalies, although inclusion of this group would not alter the main results. Hematocrit levels were taken from institutional claims from November 2004 and were categorized into 5 groups: less than 30%; 30% to less than 33%; 33% to less than 36%; 36% to less than 39%; and 39% or greater. A secondary analysis examined the relationship between dose adjustment from November to December 2004 and organizational status stratified on hematocrit level observed at the end of November.
Patient characteristics included age (years) at ESRD onset, race (reported by the physician as black, white, or other), sex, and proxies for health status such as underlying cause of ESRD (diabetes, glomerulonephritis,hypertension,cystickidney, or other), duration of dialysis, and presence of cardiovascular and other comorbidities as defined elsewhere by using the Medical Evidence Record data. 15 The Charlson Comorbidity Index was used to measure the severity and range of patient comorbid conditions based on the presence or absence of nonrenal disease during the study period. 16, 17 Medicare-certified dialysis providers were identified using the USRDS facility file that contains information on each one. Similar to the USRDS definitions, 18 dialysis facility organizational status was defined by ownership (for-profit or nonprofit) and chain membership (facilities in 1 of the 6 leading chains, small and/or non-chain-affiliated facilities subsequently referred to as nonchain [all freestanding facilities], and hospitalbased facilities). Geographic region was included in the analysis based on ESRD network (1 to 18) (Northeast, Southeast, Midwest, or West).
Statistical Analysis
Regression models were fit to estimate the mean epoetin dose and dose adjustment by profit status and chain membership. All models were conditional on age, race, sex, cause of ESRD, duration of dialysis, geographic region, cardiovascular and other comorbidities, and predialysis hematocrit level (further adjustment for the Charlson Index, predialysis receipt of epoetin, and intravenous iron administration did not materially alter our results). The models also were adjusted for withinfacility correlations using generalized estimating equations. An alternative 2-step modeling approach that accounts for the 3.3% of the patients who did not receive epoetin in December 2004 yielded similar results (data not shown). The estimated average epoetin dosing levels and epoetin dose adjustments were made by organizational status in the subpopulation of patients who were aged 65 years or older, white, male, reside in the Southeast, had diabetes, and had both cardiovascular and other comorbidities (the most common pattern of covariates). Under the models, the difference in the estimated doses and dose adjustment across facilities was con- stant, regardless of the subpopulation selected. The values estimated in this subpopulation are referred to as the adjusted values. The regression models were fit separately in patients with different hematocrit categories. All analyses were performed using SAS software version 9.1 (SAS Institute Inc, Cary, NC).
RESULTS
Patient Characteristics by Organizational Status
A total of 159 522 ESRD patients receiving hemodialysis services and epoetin therapy in 3982 dialysis facilities comprised the study population ( Figure 1 ). The distribution of patients by organizational status is presented in TABLE 1. More than 80% of all patients received dialysis from forprofit facilities and more than two thirds from the 4 largest for-profit national chain facilities (chain facilities 1-4). Almost all patients in chain 5 facilities and in the hospital-based facilities received care from nonprofit dialysis centers. Nonprofit compared with for- 16 . This is a comorbidity scale that has been validated for use among the renal dialysis patient population. The higher the score, the more comorbidities are present. Due to the 2-month study period, many patients had a Charlson score of 0.
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©2007 American Medical Association. All rights reserved. profit facilities, and hospital-based and nonchain facilities compared with large chain facilities had a larger proportion of patients who were older than 65 years, were white, resided in the Northeast, and had cardiovascular comorbidities. Epoetin use before initiation of continuous hemodialysis was more common in patients treated in nonprofit facilities (32% of patients) than in for-profit facilities (28%). The average hematocrit level was 35.6% in nonprofit facilities and 36.2% in for-profit facilities, and ranged from 34.6% in chain 5 facilities to 36.5% in chain 2 facilities and 36.9% in chain 3 facilities. The proportions of patients with hematocrit level below, within, and above the recommended target range of 33% to 36% were 21%, 32%, and 47%, respectively, in nonprofit facilities and 18%, 28%, and 54% in for-profit facilities, respectively. The proportions of patients with hematocrit level below, within, and above the recommended target range of 33% to 36% were 14%, 27%, and 59% in chain 2 facilities, respectively, and 24%, 38%, and 38% in chain 5 facilities, respectively. Table 2 . On average, compared with nonprofit facilities, for-profit facilities increased epoetin doses almost 3-fold (11 169 vs 4097 U/wk) for patients with hematocrit levels less than 30%, and 3-fold (6173 vs 1932 U/wk) for patients with hematocrit levels between 30% and less than 33%. The average dose adjustment for patients with hematocrit level less than 30% ranged from 26 093 U/wk at chain 2 facilities to 2023 U/wk at hospital-based facilities and 4841 U/wk at nonchain facilities. For patients with hematocrit levels in the recommended target of 33% to 36%, nonprofit facilities decreased the dose of epoetin by 634 U/wk, while for-profit facilities increased the dose of epoetin by 1214 U/wk. Chain facilities 1, 2, and 3 increased the dose of epoetin for patients within the recommend hematocrit range of 33% to 36%. The largest increase in dose of epoetin was administered at chain 2 facilities (3793 U/wk).
Adjusted Epoetin Dosing by Organizational Status
The adjusted results were similar to the unadjusted ones. The adjusted average dose of epoetin was 3486 U/wk (95% confidence interval [CI], 3004-3968 U/wk) higher in for-profit than in nonprofit facilities (data not shown). The adjusted mean weekly epoetin doses by type of organization are presented in FIGURE 2. Among the 5 largest chain facilities, chain 2 facilities and chain 3 facilities had the highest average epoetin dose for patients with hematocrit levels above and below 33%, while chain 5 facilities had the lowest average doses and had dosing practice patterns similar to nonchain and hospital-based facilities. The difference in average dosing levels by organizational status was more marked for patients with hematocrit levels under 33%. In this group, chain 2 facilities administered 31 915 U/wk (95% CI, 29 281-34 548 U/wk) of epoetin more than chain 5 facilities and 36 646 U/wk (95% CI, 35 954-37 337 U/wk) of epoetin more than the hospital-based facilities (TABLE 3) . The adjusted changes in dose by type of organization are presented in Figure 2 . Patients with hematocrit levels less than 33% treated at for-profit facilities and at the 4 largest chain facilities had larger epoetin dose increases compared with nonprofit facilities and chain 5 facilities. For patients with hematocrit levels in the target range of 33% to 36%, epoetin dose was reduced on average by 229 U/wk (95% CI, −669 to 211 U/wk) in all nonprofit facilities, 436 U/wk (95% CI, −970 to 99 U/wk) in chain 5 facilities, and 344 U/wk (95% CI, −948 to 260 U/wk) in hospital-based facilities. In contrast, chain facilities 1, 2, and 3 increased epoetin dose for patients in the 33% to 36% hematocrit target, with chain 2 facilities having the largest average increase of 4418 U/wk (95% CI, 3740-5095 U/wk).
The findings were similar for any 2-month period in 2004, although the average epoetin dose decreased at chain 5 facilities in the second half of the year and Nonchain HospitalBased
Change in Epoetin Dose
Error bars indicate 95% confidence intervals. Patients were aged 65 years or older, white, male, resided in the Southeast, had diabetes, and had cardiovascular and other comorbidities. 
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COMMENT
Our results indicate that facility ownership and chain status have a strong effect on epoetin dosing practice patterns. Compared with other facility types, we found that large for-profit chains administered higher epoetin doses, used higher dose increases, and had higher achieved hematocrit levels, as well as a larger proportion of patients above the upper limit of hematocrit level (target of 36% was recommended by the National Kidney Foundation and the US Food and Drug Administration during the time of our study). Our adjusted analyses suggest that the differences in epoetin dose levels among dialysis chains are not explained by differences in patient characteristics or responsiveness to epoetin therapy. In fact, previous data suggest that patients in for-profit facilities have characteristics that would make them more responsive to epoetin. Szczech et al 19 examined dialysis facilities between 1995 and 2000 using data from the Centers for Medicare & Medicaid Services (CMS) ESRD Clinical Performance Measures project. The authors found that patients in for-profit facilities had higher adequacy of dialysis, mean albumin, mean transferrin saturation, and mean ferritin levels, suggesting that if patient-specific factors such as these had been included in our analysis, for-profit facilities would be expected to require lower not higher doses of epoetin.
The National Kidney FoundationKidney Disease Outcome Quality Initiative recommended a hemoglobin target of 11 to 12 g/dL (hematocrit level of 33%-36%) at the time of our study. The package insert for Epogen, the agent approved by the Food and Drug Administration for use in dialysis patients, recommended a target hemoglobin of 10 to 12 g/dL (hematocrit level of 30%-36%). However, factors other than the National Kidney FoundationKidney Disease Outcome Quality Initiative clinical practice guidelines and the Food and Drug Administration recommendations may have influenced 2004 epoetin administration practice patterns.
First, the CMS has required since 1994 the public reporting of the proportion of patients at a dialysis facility with a hematocrit level greater than or equal to 33% as a performance measure of the quality of care. The CMS has established a goal of having 70% or more of all patients in a given facility with a hematocrit level greater than 33%. At the time of our study, although the upper target of hematocrit level was 36%, the CMS would allow reimbursement for epoetin as long as the 3-month average hematocrit level was less than 37.5%. To show improved quality of care, therefore, the incentive is to use large doses of epoetin to achieve a high proportion of a facility's patient population above a hematocrit level of 33%. In our study, the proportion of patients meeting this performance measure ranged from 79% at nonprofit facilities to 82% at forprofit facilities, and from 76% at chain 5 facilities to 86% at chain facilities 2 and 3, suggesting that despite large differences in epoetin doses, most facilities meet the CMS performance goals.
Second, financial incentives also might have contributed to the use of large epoetin doses based on facility type. Although the largest source of dialysis facility income is a predetermined payment (referred to as the ESRD composite rate that is exclusive of injectable drug costs) for each dialysis treatment, that rate has changed minimally in the 2 decades preceding our study period and the real dollar value has actually declined by about 65%. 20 Medicare epoetin payments are the second-largest source of facility income, comprising approximately 25%. 21 Furthermore, dialysis providers belonging to large chains typically obtained volume discounts for supplies or drugs such as epoetin that are linked to usage. 22 According to the 2005 annual report of DaVita Inc, 23 which is one of the largest dialysis chains, epoetin accounts for about a quarter of its dialysis revenue and "our agreement with Amgen for the purchase of EPO [epoetin] includes volume discount and other thresholds which could negatively impact our earnings if we are unable to meet these thresholds."
Different epoetin practice patterns across facilities may reflect different dosing strategies regarding the target hematocrit range and how aggressively to raise the epoetin dose for hyporesponsive patients who do not achieve the target hematocrit level. In our study, for-profit facilities continued to increase epoetin doses in patients who had reached the recommended hematocrit target of 33%. In fact, the hematocrit target at which doses are no longer increased appears to exceed 36%. Similarly, Collins et al 24 found that "overshooting" of the recommended hematocrit target was more prevalent in for-profit chain facilities than in nonprofit chain facilities.
We found that the largest differences in epoetin dosing by facility type are at hematocrit levels less than 33%. It is likely that aggressive dose increases in these patients may increase hematocrit level in some but hematocrit levels in many may be relatively unchanged. 25, 26 The lack of response to epoetin may reflect an underlying medical condition, which is not ameliorated by increasing the dose of epoetin. [27] [28] [29] The National Kidney Foundation-Kidney Disease Outcome Quality Initiative guidelines recommend that patients who are poor responders to epoetin therapy be considered for other approaches that might be complemen-tary to increase hematocrit response, such as iron supplementation, improved dialysis adequacy, or improved nutrition. 30 If the target hematocrit range was 33% to 36%, one would expect that the mean hematocrit level would be 34.5% when in fact all facilities except chain 5 facilities have higher mean hematocrit levels. For the for-profit facilities to achieve a mean hematocrit level of 36.2% indicates that they are targeting hematocrit levels higher than 36%, and confirmation is provided by the finding that forprofit facilities increase epoetin doses for patients in the target hematocrit range of 33% to 36%. Furthermore, in our analysis, 23% of the hemodialysis population in for-profit facilities had a monthly hematocrit level of 39% or higher.
In May 2006, the National Kidney Foundation published revised guidelines changing the recommended target hematocrit from 33% to 36% to a target of 33% to less than 39%. 31 In April 2006, the CMS enacted a new epoetin coverage policy that allowed for reimbursement up to hematocrit levels of 39%. Our results suggest that many facilities were already targeting hematocrit levels higher than 36% prior to these guideline and policy changes, and these changes might provide additional incentives for even higher epoetin dosing. However, both the coverage policy and clinical practice guidelines have been the subject of much recent controversy 32 given the results from randomized controlled trials that have failed to show a cardiovascular or survival benefit of raising the hematocrit level above 36%, [33] [34] [35] [36] and 2 recently published trials suggest possible adverse consequences of higher hematocrit levels in patients with chronic kidney disease. 37, 38 Our study has several limitations. First, factors that might be relevant to epoetin responsiveness such as iron levels and nutritional status are not available in administrative data. However, as discussed above, ours and previous studies suggest that factors associated with epoetin hyporesponsiveness may be less common in patients treated at for-profit facilities. Second, we did not have information on the route of epoetin administration. In an earlier study 39 we found that route of administration was associated with organizational status-nonprofit hospital-based small or nonchain units had higher rates of subcutaneous administration of epoetin. Therefore, our results would tend to overstate the differences in epoetin dosing found by facility type. However, this might be mitigated by the fact that overall only 5% of the Medicare population receiving hemodialysis also receives subcutaneous administration of epoetin. 40 Third, since 2004 (the observation period for this study) the 6 largest dialysis chains have been consolidated into 3, possibly affecting the practice patterns observed in this study. Last, according to the USRDS, the use of the new darbepoetin drug for the treatment of dialysis-related anemia has increased since 2003; however, more than 99% of all claims submitted by chain-affiliated units in 2004 and 2005 were for the older epoetin product (alfa epoetin version of the drug). 4 In conclusion, these findings suggest that reimbursement policy and clinical performance measures may provide incentives for dialysis facilities, in particular for-profit facilities, to target hematocrit levels exceeding those recommended by the clinical guidelines. As existing guidelines are reevaluated, it will be important for policy makers to design an epoetin reimbursement policy that provides an incentive to achieve desired clinical outcomes while optimizing epoetin usage.
